Summary
Fat embolism was assessed at necropsy and correlated with clinical findings in the patients who died among 854 with fractured hips admitted to hospital between 1967 and August 1971. Sixteen cases of clinical importance were found, eight of which were judged to have been fatal or to have seriously contributed to death. Frequencies were as follows: 2 4 to 3 3% among 424 patients with subcapital fractures; 07 to 08% in the 405 with trochanteric fractures; 41 to 7%O among subjects treated without operation, representing 30% of those who died within seven days; and 09 to 1 1% among patients treated by pinning, nailing, or nail-plating. The higher frequency in the conservatively treated group is probably related to selection of poor-risk subjects. Fat embolism was found in 6 8 to 8 0% of those with subcapital fractures treated by primary Thompson's arthroplasty which utilizes acrylic cement, and in none of those given Moore's prostheses for which cement is not used. Study of a larger group after Moore's prosthesis is required to establish its lack of special risk. Fat embolism accounted for all the deaths within seven days of Thompson's arthroplasty and for most within 14 days; it was clearly related to surgery in some cases.
A possible explanation of the hazard of Thompson's arthroplasty is that fat globule entry is enhanced by a rise of intramedullary pressure due to proximal occlusion of the reamed marrow cavity. A controlled trial of the effect of venting the marrow cavity on the frequency of fat embolism is warranted. It is possible that the acrylic monomer may also contribute to venous entry of medullary fat. The higher-age group of those with subcapital fractures and associated chronic cardiac and pulmonary disease might make them more susceptible to fat embolization than those in whom arthroplasty is also carried out for chronic hip disease. (Burgess 1970; Dandy 1971) or both pulmonary and systemic fat embolism (Gresham and Kuczynski, 1970; Gresham et al., 1971 ) and others with pulmonary thromboembolism (Phillips et al., 1971) , myocardial infarction (Powell et al., 1970) (Charnley et al., 1971) .
Introduction
Fatal fat embolism has also occurred after prosthetic operations on the knee, with or without the use of cement (Harris, 1970; Norcross, personal communication) . Consequently the role of the cement is uncertain. Acute hypotension is also not infrequent during prosthetic hip operations involving the use of cement (Frost, 1970; Powell et al., 1970; Phillips et al., 1971) . The origin of the cardiac symptoms and their possible relation to the operation, potential toxicity of the monomer used to polymerize the cement, fat embolism, and natural disease in these elderly subjects are not fully resolved.
This study attempts to assess the risks of fat embolism in patients with various hip fractures, with emphasis on the role of arthroplasty. Assessing the risk of fat embolism and comparing the risks in different groups require strict criteria. Clinical diagnosis was not used, since often it is inaccurate and many diagnoses are overlooked (Sevitt, 1962 Those with hip fractures were listed from the anticoagulant record cards concerned with prophylaxis against thromboembolism, since this is routine in these patients in the Birmingham Accident Hospital and is supervised by the laboratory medical staff (Sevitt, 1968; see Hume et al., 1970) . Other records were also used. Case notes and radiographic films were examined to confirm the nature of the fracture, surgical therapy, and other relevant details. In all those who had survived more than a month fat emboli were few or absent in the lungs and were never seen in the brain or kidney. Degrees of embolism were similar in the old and new preparations of each case. Special myelin preparations to show cerebral ischaemic lesions were used when required.
GRADING OF FAT EMBOLISM
The grading of fat embolism was based on the frozen sections. In the lung it was assessed as previously recommended (Sevitt, 1962) : minor or slight (+), less than 1 embolus per x 10 objective field; moderate (++), 1 to 3 emboli; and many (+-+ +), more than 3 emboli per field. Very slight (±) and very many (+ + + +) grades were also periodically used. At least 20 fields were counted to assess the mean. Renal and cerebral fat embolism were assessed for systemic involvement. Renal embolism was graded according to the proportion of glomeruli containing emboli-namely, slight (+), less than 10%; moderate (++), 10 to 30%; and many (+++), more than 30% of glomeruli. From 50 to 100 glomeruli were examined. This is a reasonable method of grading, since the average number of emboli per affected glomerulus rises with an increasing proportion of glomeruli affected. Grading of brain embolism (+, +, and + +) was based on the density of emboli per cm2 of grey matter in the section, combined with evidence of embolic, haemorrhagic, or ischaemic lesions. Cerebellar embolism was found easier to standardize than that in the cerebrum.
Results in Cases of Fat Embolism
Fat embolism of possible significance was found in 32 necropsies-various grades of both pulmonary and systemic embolism in 30 subjects and moderate lung embolism alone in two. The 32 cases were divided into three groups after correlating the pathological and clinical findings, including the periods of survival after the last exposure to the hazard of embolism. The latter was regarded as the last operation in surgically treated cases, and the accident in those treated conservatively. Rapid collapse was not considered inconsistent with severe fat embolism since fulminating cases after fractures are well recognized, and fat embolism is one of the causes of so-called irreversible traumatic shock (Sevitt, 1962) . The three groups are as follows: (1) fatal casesthat is, those in which fat embolism was the sole cause of death or a major contributory cause; (2) symptom-producing cases (referred to as clinical fat embolism); and (3) subclinical fat embolism.
FATAL FAT EMBOLISM (EIGHT CASES)
Only one case had been suspected clinically (Case 2). Seven were characterized by many pulmonary and systemic fat emboli, a serious clinical episode, and death within three days of exposure. Table II gives details of the four cases which followed Thompson's arthroplasty. One patient (Case 1) died during arthroplasty following slowing of respiration and cardiac arrest associated with driving-in of the prosthesis. Another patient with a subcapital fracture died on the day of the accident without operative intervention. Case 4 had a cardiac arrest during Thompson's arthroplasty and remained in coma until death nine days later. Relatively severe cerebral fat embolism was found, and the lesser degrees of pulmonary and renal embolism were consistent with diminution in numbers of fat emboli during the nine days of survival. Six of the patients had subcapital fractures.
Four cases followed Thompson's arthroplasty (Cases 1 to 4), two followed nail-plating, but the other two patients (with basal fractures) had been treated conservatively. than was found in the surgically treated group (30% within seven days). This is not surprising, since many of those not operated on were very ill on admission and had to be treated conservatively. The mean age in this group was 76K1 years but it was 82-2 years among those who died.
ARTHROPLASTY AND FAT EMBOLISM
One-hundred-and-twelve patients (mean age 78-7 years) with subcapital fractures had a primary arthroplasty, and among them there were six cases of fat embolism (5.4%). The corrected frequency was 6-3%. Four patients were judged to have died of embolism (Table II , Cases 1 to 4)-one during operation, two two days later, and the fourth nine days after arthroplasty. The two "clinical" cases in the 1967-71 series died 12 and 14 days respectively after operation (Cases 5 and 6). The fat embolism rate after primary arthroplasty is significantly greater than that after other surgical therapy (nailing, nail-plating, etc.) in patients with subcapital fractures (P <0 05).
THOMPSON'S AND MOORE'S PROTHESES
Primary arthroplasty with Thompson's prosthesis had been performed in 88 subjects (Table V) , with a mean age of 77 9 years. All six cases of fat embolism (four fatal) were found among them, giving an observed frequency of 6-8% (fatal cases 4.5%) and corrected frequencies of 8% and 5-3% respectively. These compare with a 16% incidence of fatal fat embolism among 32 subjects reported by Gresham et al. (1971 al., 1970) . However, fat embolism was not found in patients after Moore's arthroplasty, and this is in accord with the lack of a special risk after intramedullary nailing of long bone fractures (Sevitt, 1962) . Marrow reaming might produce fat globule embolism, but there is no real evidence at present that it increases the frequency of fatal embolism or explains the hazard during Thompson's arthroplasty.
Comparison of the postoperative records in the survivors of arthroplasty showed that some had suffered temporary symptoms during the first day or two after surgery, consistent with fat embolism: confusion, drowsiness, dyspnoea, or pyrexia, or a variable combination of symptoms. Similar episodes were recorded after Thompson's and after Moore's arthroplasty but numerical comparison was not possible. Minor symptomatic fat embolism probably occurs after arthroplasty whether or not acrylic cement is used.
USE OF ACRYLIC CEMENT
Medullary pressure effects from the use of acrylic cement may be important. The cement is firmly packed into the reamed femur and is then wedged by the stem of the prosthesis. A considerable rise in medullary pressure below the cement has been found in vitro and medullary pressures up to 4-2 atmospheres have been reported (Ohnsorge, 1971) . The essential dynamics of fat globule entry into torn vessels is a shift of differential pressure whereby the extravascular pressure rises over that within the vessels, even slightly and momentarily (Young and Griffith, 1950) . A considerable rise in extravascular (marrow) pressure is not usual after fractures, and is not essential for fat embolism. Indeed, Whitenack and Hausberger (1971) found in rabbits that intramedullary pressures of only 5 to 10 cm of water permitted the venous entry of fat injected into the marrow. Nevertheless, when a considerable rise of pressure occurs under special circumstances it might facilitate entry considerably.
The combination of marrow reaming and pressure rise with the use of cement could be determining factors. Venting the reamed marrow by a drill-hole below the cemented prosthesis, or by a tube, was found to reduce considerably the raised medullary pressure compared with that found in unvented cases (Cole, 1971; Ohnsorge, 1971) . Consequently, the prophylactic potential of venting the marrow during operation, thereby allowing the escape of blood and fat below the advancing cement, requires investigation, and a controlled trial comparing fat embolism in vented and unvented surgery with Thompson's prosthesis is warranted.
Extremely high intramedullary pressures have also been observed during insertion of the femoral component of the McKee-Farrar prosthesis (Cole, 1971 ). Yet few cases of fat embolism have been reported after total hip replacement for degenerative joint disease with femoral head prostheses embedded into acrylic cement after reaming the marrow. This is in contrast with the episodes after inserting Thompson's prosthesis in concurrent patients with subcapital fractures (Dandy, 1971; Gresham et al., 1971) . This has been related to the younger and usually fitter subjects on whom total-hip replacement surgery is carried out, compared with the less fit and older subjects who sustain subcapital fractures. There is evidence that death from fat embolism selects out the elderly (Sevitt, 1962) and this is supported by the high mean ages of the present fatal (85 years) and non-fatal cases (82 years). This same may be true for patients exposed to the combined risk of marrow reaming and raised marrow pressure.
